Background. The copper sulphate method, being economical, was used for hemoglobin screening in blood donation. Various references cite different number of tests that can be performed in a 100 mL copper sulphate solution.
INTRODUCTION
The copper sulphate method for hemoglobin screening in blood donation has been in use for decades. The Far Eastern UniversityNicanor Reyes Medical Foundation (FEU-NRMF) Medical Center, a tertiary hospital, previously utilized a colorimetric method using an automated analyzer for walk-in and mobile blood donation for potential blood donors until 2010, when it shifted to copper sulphate method to alleviate the cost of hemoglobin screening and the total cost of blood donor screening. The method is not only considered to be the most economical in FEU-NRMF and in the Philippines, but also in other developing countries. 1 The copper sulphate method determines the hemoglobin content in a drop of blood by inference from the specific gravity of the copper sulphate solution. A drop of blood upon contact with the solution becomes encased in a sac of copper proteinate. The dispersion of the drop of blood and any immediate change in the specific gravity of the solution due to blood's dispersion is prevented for about 15 seconds. 2 The minimum hemoglobin requirement for blood donation is 12.5 g/dl and with a copper sulphate solution with specific gravity of 1.053, a drop of blood with hemoglobin of 12.5 g/dl or higher should sink in 10 to 15 seconds while a drop of blood with hemoglobin level of lower than 12.5 g/dl the drop of blood should float.
the solution a depth of 3 inches. One drop of blood was one test. Blood samples in the group were rotated to complete the 50 tests. As in the usual use of copper sulphate solution for hemoglobin screening, the drops of blood in the solution were observed for 15 seconds if they would sink or float. The specific gravity was 1.053 at the start of each experiment. Twenty-five tests were performed successively with no change in specific gravity of the solution measured after the twenty-fifth test. To complete the fifty tests, another 25 tests were performed and the specific gravity was determined after every 5 tests. The measurement of specific gravity was conducted by lifting the buoy of the hydrometer above the solution and lowering it into the solution with a light spinning motion. Once the buoy has stopped moving, the plane of the surface of the solution that intersected the scale on the stem of the buoy was taken as the specific gravity. Measurement of the specific gravity was done without any drop of blood touching the buoy of the hydrometer. The specific gravity in each measurement was recorded to determine if there would be change.
The investigator did not use any statistical test as the data could be analyzed without calculation. The measured specific gravity at the start of experiment, the specific gravity after the first twentyfive tests and every additional five tests to complete fifty tests were tabulated per experiment. Experiments 1, 2, and 3 are presented in Table 1 , and experiments 4, 5, and 6 in Table 2 .
The change in specific gravity as to the number of tests was determined by observing for any increase in the specific gravity during performance of additional 25 tests in all six experiments.
The change in specific gravity as to hemoglobin level of the samples was determined by making a comparison of the measured specific gravity between experiments that used samples from groups with different hemoglobin ranges. Experiments 1 and 2, 2 and 3, 1 and 3, 4 and 5, 5 and 6, and 4 and 6 were compared.
The change in specific gravity as to temperature was determined by comparing the measured specific gravity between experiments
METHODOLOGY
An experimental study was conducted by doing experiments of adding another 25 drops of blood to a 100-ml copper sulphate solutions that have been used for 25 tests, one drop of blood per test, using samples of known hemoglobin levels at assigned working temperatures.
Subjects were chosen by judgment sampling. Individuals who were invited to participate in the study were blood donors who had undergone hemoglobin screening utilizing microcuvette technology (Hemocue) using capillary blood, and hospital employees with a recent complete blood count with low hemoglobin level. Possible subjects were given the option to participate or not to participate in the study. The details of the study were explained to them and they were given consent forms. Those who accomplished the consent forms were included in the study. Thirty subjects were chosen. Blood samples were extracted from the subjects and hemoglobin level of each sample was determined using a hemoglobin analyzer employing photometry as principle. Blood samples were grouped based on hemoglobin level, ten samples having hemoglobin level of less than 12 g/dl as one group, ten samples with 12 to 14 g/dl and remaining ten as one group with more than 14 g/dl.
The experiments in the study were conducted in the following order: 1. Blood collection from subjects by a medical technologist 2. Hemoglobin level determination of blood samples 3. Grouping of blood samples as to three hemoglobin ranges 4. Testing
Recording of results
The copper sulphate solution used in the experiments was prepared by a medical technologist following the standard operating procedure of FEU-NRMF Medical Center which also conforms with the procedure stated in the USAID-published Anemia Detection Methods: A Manual for Health Workers. Please see appendix B and C for the preparation of the copper sulphate solution. The measurement of specific gravity of copper sulphate solution throughout the conduct of the study was performed by a medical technologist who did not perform any other part of the experiment.
Blood samples were collected by a medical technologist by venipuncture from each of the thirty subjects and transferred to tubes with spray-dried EDTA anticoagulant. Hemoglobin level of each blood sample was determined using a hemoglobin analyzer employing photometry as principle. Samples were grouped as to the three hemoglobin ranges, ten samples per group. Samples with hemoglobin level of less than 12 g/dl were assigned in group A, samples with hemoglobin level of 12 to 14 g/dl in group B and samples with hemoglobin level of more than 14 g/dl in group C. Each sample in the group was assigned with an accession number.
Six experiments were done. Experiments 1, 2 and 3 made use of samples from groups A, B and C, respectively and were conducted at room temperature. Experiments 4, 5 and 6 also made use of the same samples from groups A, B, and C, respectively, but were conducted at working temperature of 29 ºC to 30 ºC. Each experiment was performed using 100 mL copper sulphate solution in a glassware with the buoy of the hydrometer that gave a recommendation also made by the United States Agency for International Development (USAID). AABB recommends the use of at least 30 mL working solution that will allow a drop of blood to fall approximately 3 inches after dropping (about 1 cm above the surface of the solution). 8 The USAID publication states that 100 mL of working solution should be used with no mention of the length that a drop should fall from the upper surface of the solution to the inner surface of the bottom of the container, with no recommended height of the fall of the drop of blood from the capillet to the surface of the solution. 1 At the FEU-NRMF Medical Center, a 100 mL working solution in a 100 mL beaker is used for testing, giving the solution an approximate depth of 3 inches from the upper surface of the solution to the bottom of the container. The blood is dropped 1 cm above the surface of the copper sulphate solution.
The difference between the practice in FEU-NRMF Medical Center and the recommended standard operating procedures of the USAID (with the exception of the separate hemoglobin cut-off for non-pregnant females, the height of the fall of the drop of blood from the capillet to surface area of solution, and the depth that a drop of blood must sink from the surface of the solution to the bottom), is the number of drops of blood that can be tested in a 100 ml copper sulphate solution with specific gravity of 1.053. The standard operating procedure of FEU-NRMF Medical Center is to change the solution after 25 drops have been introduced which conforms with the Model Standard Operating Procedures for Blood Transfusion Service published by the World Health Organization and the Technical Manual of American Association of Blood Banks. 3, 4, 8 The USAID, however, has a different recommendation of using a 100 ml copper sulphate solution for 50 tests, which if proven to still maintain its specific gravity and therefore its sensitivity with the addition of another 25 tests in the same solution, will be of great benefit to blood banks that still use the method. 6 Apart from the hemoglobin level of the blood, the working temperature and other proteins may interfere with the testing. Although it is said that correction for temperature is not needed because the coefficient of expansion of copper sulphate solution approximate closely those of blood and plasma. 5 Reports have been received by the California Blood Bank Society in its e-Network Forum about the change in specific gravity with temperature. 2 Other proteins may also interfere and the outcome may be deleterious if an anemic donor will be bled. Such is the case of a patient who was bled with only 8 g/dl of hemoglobin, the patient passed the copper sulphate method due to hyperproteinemia secondary to multiple myeloma. 9 These other proteins in serum or whole blood may be tested using the same principle with copper sulphate method which means that they can influence the result of hemoglobin screening. 10 This is one of the limitations of Copper Sulphate method in hemoglobin screening. However, such a case has not yet been reported in FEU-NRMF Medical Center.
Two confounding variables were identified. One was the effect of the use of venous blood with liquid anticoagulant and not capillary blood. Since no study was found stating the difference between the weight of anticoagulated blood and blood without 1 and 4, 2 and 5, and 3 and 6 which used samples belonging to same hemoglobin range but were conducted at different working temperatures.
RESULTS
There was no change in the specific gravity of 100 mL copper sulphate solution used for fifty tests in the six experiments (Tables  1 and 2 ). There was no difference in the measured specific gravity between experiments that were compared.
DISCUSSION
To maintain the sensitivity of the test, the United Kingdom Blood Transfusion and Tissue Transplantation Service, the World Health Organization in its publication entitled Model Standard Operating Procedure for Blood Transfusion Service and the American Association of Blood Banks recommend changing the solution after it has been used for 25 tests because the solution is expected to give unreliable results thereafter. 3, 4, 5 However, in the Anemia Detection Methods for Low ResourceSettings: A Manual for Health Workers published by USAID in 1997, the copper sulphate solution with the same specific gravity used for male patients in anemia screening recommends that it can be used for 50 tests. 6 The effect on the reliability of the test was not specified in the above stated publications if it is due to change in specific gravity secondary to the effect of temperature to the solution, the effect of hemoglobin content of the blood being tested or performance of more than 25 tests with one drop of blood per test. Although the solution changes in color after performance of several examinations, performance of 50 tests can be done in a 100-ml copper sulphate solution with no limitation in the visualization of blood dropped in the solution.
Phillips et al., in their article that introduced the copper sulphate method for hemoglobin screening, mentioned that correction for temperature is not needed during the testing as the coefficient of expansion of copper sulphate solution approximate closely those of blood and plasma but reports have been received by California Blood Bank Society that the specific gravity of copper sulphate solution used in screening hemoglobin for potential blood donors change with temperature. 5 The copper sulphate method of estimating hemoglobin has been thought by many to be an obsolete test due to the advent of new technologies. But due to the simplicity of the procedure and lower cost, the technique is still widely used even in the United Kingdom. 3 In the Philippines, the Philippine Blood Center still uses copper sulphate in donor screening for hemoglobin. Sawant et al., showed that 29% of potential donors who were deferred had hemoglobin level of more than 12.5 g/dl in a study involving 400 blood donors. 7 However, in the prospective study evaluating the quality and the cost of four hemoglobin screening methods, automated analyzer being the standard, done by Tondon et al., in 2009, they found out that the copper sulphate method still stands the test of time and remains the primary screening method. 1 They, however, recommended that to avoid the inappropriate deferrals, subsequent testing with Hemocue, a hemoglobinometer employing the photometer principle, should be done. 1 The American Association of Blood Banks or AABB recommends 12.5 g/dl as the minimal hemoglobin requirement for an allogenic donor. 8 The FEU-NRMF Medical Center follows anticoagulant, it was assumed that the anticoagulant present in the blood collection tubes could affect the result of the experiment by diluting the blood. To minimize the possible error associated with the use of liquid anticoagulant, spray dried ethylene diamine tetraacetic acid-anticoagulated (EDTA) lavender top tubes were used. During the conduct of the study, another confounding variable that was identified was the adherence of blood to the stem of the buoy of hydrometer, adding to the weight of the buoy, which caused a false decrease of the specific gravity. The plane of the surface of copper sulphate solution will intersect with a lower specific gravity number as the buoy becomes heavier. To resolve the problem, the other method of measuring specific gravity using refractometer was entertained, but was not employed as the method requires removal of drops of copper sulphate solution for the tests, decreasing the volume of the solution.
One limitation of the study is the conduct of experiments in only two working temperatures, room temperature, which is the recommended working temperature in blood banks and laboratories, and at a higher temperature of at least 29°C. Therefore, the study cannot make a recommendation for working temperature lower than that of room temperature.
CONCLUSION
This paper has shown that there is no change in the specific gravity of a 100 ml copper sulphate solution used for fifty tests with sample of various hemoglobin levels conducted at different working temperatures. Thus, a 100-mL copper sulphate solution can be used for fifty tests using samples of various hemoglobin levels at room temperature and at a higher temperature.
